The existence of intraspecific euploidy (2n=22, 44) in Primula denticulata have been reported in the present study from the higher hills of North-West Himalayas in India. Both the cytotypes showed perfect bivalent formation, regular meiotic course and high pollen fertility. One of the 4x accessions showed a phenomenon of cytomixis and cell fusion resulting to syncytes in meiotic cells. Consequent to chromatin transfer and cell fusion the meiocytes showed various meiotic irregularities, and sterile and heterogeneous pollen grains. The 2x and 4x plants could be distinguished on the basis of some morphometric parameters. The 4x plants are more vigorous growing much taller and possessed gigantism in leaf and floral characters besides increase in size of stomata, trichomes and pollen grains. Analysis of meiotic chromosome pairing in the 4x plants indicate towards the alloploid nature. The presence of cytomixis and syncytes/polyploid meiocytes might have played a role in the production of unreduced large-sized pollen grains facilitating the origin of new polyploids through the formation of such diplogametes. Polyploidy in particularly euploidy, seems to have played a role in the evolution of genus Primula as 38 species depicted polyploid cytotypes including 18 species which showed euploid cytotype.
Primula L. comprising over 500 species is represented by 106 species in India (Basak et al. 2014) . Due to its wider geographic distribution in Indian Himalayas and other parts of the world coupled with existing chromosomal diversity (2n=16, 18, 20, 22, 24, 26, 32, 34, 36, 40, 44, 48, 54, 56, 62, 66) (Kumar and Subramanium 1986) , the genus presents an interesting cytotaxonomic problem. P. denticulata Sm. ( drumstick primrose ) the presently analyzed species, grows as an erect perennial herb throughout the Himalayas between altitudinal ranges of 1100 m to 4300 m (Rana 2015) . The species is characterized by having heterostylous flowers in captitate umbel inflorescence and basal leaves in rosettes and purple colored flowers. Whole plant contains several triterpenoid saponins and is used to cure cough and cold. Powder of roots is used to kill leeches. The plant is also used to cure opthalmic problems (Akhtar et al. 2013) and has strong antioxidant activity (Tokalov et al. 2004) . As a part of cytomorphological explorations of flowering plants from the high hills and geographically isolated valleys, we have detected diploid and tetraploid cytotypes in P. denticulata. The aims of the present study were to (i) work out the detailed meiotic course including microsporogenesis and pollen fertility in the two cytotypes (ii) pinpoint macro-and micro-morphometric characters which could be used to identify the individuals of 2x and 4x cytotypes, and (iii) appraise about the status of base number and role of polyploidy in Primula.
Materials and methods

Collection of materials
For cytomorphogical investigations, wild accessions were collected from the high altitudinal regions of Ladakh division (3190 m) in Jammu and Kashmir, Kullu (3050 m) and Chamba (3300 m) of Himachal Pradesh. The accessions were identified by consulting floras and were compared with the specimens lying in the Herbaria (PUN), Punjabi University, Patiala and Northern Regional Centre, Botanical Survey of India, Dehra Dun (BSD). The duly identified specimens were deposited in the Herbarium, Department of Botany, Punjabi University, Patiala. For meiotic and pollen grain studies, floral buds of appropriate sizes were fixed in a freshly prepared Carnoy s fixative (mixture of alcohol-chloroformacetic acid in a volume ratio 6 : 3 : 1) and preserved in 70% ethanol in a refrigerator. Photomicrographs of well spread chromosomes, tetrads, pollen grains, stomata and trichomes were taken with a digital imaging system of Leica Q Win Digital system.
Male meiosis, pollen grain and morphometric analyses
Meiocytes were prepared by squashing the young and developing anthers in 1% acetocarmine. These were observed at various stages of prophase-1, metaphase-1 (M-I), anaphase-1/II (A-I/-II), telophases-1/II and sporads. Pollen fertility was assessed through stainability tests by squashing mature anthers from various blossoms in glycerol-acetocarmine (1 : 1) mixture. Wellfilled pollen grains with stained nuclei were scored as apparently fertile, while shriveled and flaccid pollen grains with unstained or poorly stained cytoplasm as sterile.
For micro-characters involving stomata and trichomes, abaxial epidermal peels were obtained from mature leaves through KOH (potassium hydroxide) treatment and mounted in glycerol. Stomatal index was calculated by using the formula: (SI=S/S+E 100), Where SI stands for Stomatal index, S: number of stomata and E: number of epidermal cells. Size of pollen grains and trichomes were measured through micrometry.
Results
The accessions gathered from cold deserts of Ladakh division (Sankoo Village, 3190 m), Dhundi (3050 m), Kalaban (3000 m) and Sahalidar (3300 m). Villages of Himachal Pradesh revealed the existence of diploid (2n=22) and tetraploid (2n= 44) cytotypes. Further studies on detailed meiotic course including microsporogenesis and pollen fertility were made separately for the 2x and 4x cytotypes. Also, the accessions were studied for comparison of various morphometric parameters for their segregation in field as well as under laboratory conditions (Table 1) .
Cytological analysis on meiotic course, microsporogenesis and pollen fertility
The diploid accession collected from Sankoo Village (3190 m, PUN: 60710) in cold deserts of Ladakh division showed a gametic chromosome number of n=11 as confirmed from the presence of 11 bivalents at diakinesis ( Fig. 1A) and 11 : 11 segregation of chromosomes at anaphase-1 (A-1) (Fig. 1B) . Further meiotic course in the meiocytes was regular leading to normal sporads (Fig.  1C) and 100% fertile and equal-sized pollen grains (Fig.  1D) .
Meiotically analyzed plants from Kullu (Dhundi Village, 3050 m, PUN: 57905) and Chamba district (Kalaban, 3000 m, PUN: 58294; Sahalidar, 3300 m, PUN: 55387) in Himachal Pradesh were found to exist at tetraploid level with a gametic chromosome count of n=22. All the observed meiocytes depicted the presence 22 normal and equal-sized bivalents at M-1 (Fig. 1E) and 22 : 22 segregation of chromosomes (Fig. 1F) . However, the accession analyzed from Kalaban forests showed the phenomenon of cytomixis involving chromatin transfer among neighboring PMCs during the early phases of Meiosis-1 (Fig. 1G) . Besides, the phenomenon of cell fusion in some cases was also noticed and the resultant syncyte meiocytes showed two groups of chromatin materials (Fig. 1H ). Consequence to chromatin transfer and cell fusion, pollen grains of heterogeneous sizes and sterile pollen grains were resulted (Fig. 1I ).
Morphometric analysis
Individuals of both the cytotypes grow as erect perennial herbs in moist places and alpine meadows between altitudinal ranges of 1100-4300 m. Morphometric parameters involving plant height, basal leaf size, peduncle size and thickness and floret size and color were studied in the plants of 2x and 4x cytotypes (Table  1) . Analysis revealed that tetraploid plants grow much taller than the diploids. The leaves were also larger sized (9.32 0.44 cm) in the tetraploid plants compared to the diploid (4.16 0.45 cm). Size of peduncle and florets were significantly larger in the 4x. Further, the two cytotypes also differ in flower color which is bright purple to pinkish in 4x and light purple in the 2x.
Microscopic characters analyzed for ploidy-related differences included, stomatal size and density of stomata on leaf, trichome length and density, and pollen size. The values for trichome length, stomata and pollen sizes were noticed to be higher in the tetraploid compared to the diploid. However, the diploid plants showed higher value for trichome and stomatal density.
Discussion
Perusal of existing cytological literature reveals that P. denticulata has not been worked out for chromosome counts from any part of India. But outside of India there are reports of diploid (2n=22) chromosome counts by Bruun (1930) from Sweden and tetraploid, 2n= 44 by Sakya and Joshi (1990) from Nepal and Abou El Enain (2006) from Egypt. Besides, Sakya and Joshi have also recorded the presence of aneuploid chromosome counts of 2n=32, 34 from Nepal. However, the present accession based analysis from phytogeographically isolated and unexplored regions of cold deserts and higher hills of North-West Himalayas revealed the presence of intraspecific euploid cytotypes (2n=22, 44).
Meiotic course in both the 2x and 4x individuals was perfectly regular resulting into equal-sized 100% fertile pollen grains. However, in one of the 4x accession, a few meiocytes showed the phenomenon of cytomixis and cell fusion resulting into pollen malformation in the form of sterile and unequal-sized pollen grains. Such an effect of cytomixis and cell fusion on pollen viability and pollen size variation has been reported in number of cases such as, Meconopsis aculeata (Singhal and Kumar 2008) , Chrysanthemum (Kiṁ et al. 2009 ), Lindelofia longiflora (Singhal et al. 2011) , Mertensia echioides ( Malik et al. 2014) and Heracleum pinnatum (Singhal et al. 2016) . Polyploidy has been considered to be an important feature of chromosome evolution in plants (Ramsey and Schemske 1998) . Excess of genomic material in polyploids confers a level of genomic plasticity, providing an evolutionary advantage over their diploid ancestors (Hegarty and Hiscock 2008 , Leitch and Leitch 2008 , Van de Peer et al. 2009 ). It has been estimated that 30-85% of angiosperms had evolved via polyploidy (Stebbins 1938 , Masterson 1994 . Role of polyploidy in the evolution of genus Primula is also evident from the fact that 38 species out of 170 cytologically analyzed species (22.35%) exist at various polyploid level with the highest level goes up to 14x being reported in P. stricta from Sweden (Bruun 1932) . Role of polyploidy in the evolution is quite evident from the presence of intraspecific euploid cytotypes in as many as 18 species of which P. borealis (2n=18, 36, 54), P. sinensis (2n=24, 36, 48) and P. sieboldii (2n=24, 36, 48) depicted more than two cytotypes (Lee 1967 , Sömme 1930 , Zhukova and Petrovsky 1980 , Zhukova 1982 . Polyploids are categorized as auto-and allo-polyploids depending on their chromosomal composition and their manner of formation. Presence of perfect bivalents and their normal segregation indicates towards the allopolyploid nature of the 4x. The polyploids are also categorized as auto-or allopolyploid on the basis of chromosome pairing and gametic fertility. However, Ramsey and Schemske (1998) emphasized that pairing of chromosomes is not always a good indicator of nature of polyploidy. Intraspecific euploids in plants were thought to have been evolved either through somatic gametic duplication (somatic polyploidization) or through the formation of diplogametes involving different mechanisms such as meiotic restitution (Bretagnolle and Thompson 1995 , Andreuzza and Siddiqi 2008 , Dewitte et al. 2010 , abnormal spindle activity (Rana et al. 2013) or as a product of pre-meiotic fusion of meiocytes/whole chromatin transfer during cytomixis (Singhal and Kumar 2008 , Kim et al. 2009 , Singhal et al. 2011 , 2016 , De Storme and Geelen 2013 . Presence of chromatin transfer among meiocytes and cell fusion resulting into syncytes and polyploid meiocytes in some of the 4x populations of the species might have played a role in the production of unreduced gametes which have facilitated the production of polyploids. Ramsey and Ramsey (2014) observed that changes in morphological characters in polyploids having multiple set of chromosomes are often associated with plant vigor and ability to grow in different environments. In the present case the 4x individuals not only grow much taller but also possessed significantly larger stomata, trichomes and pollen grains. All these factors could enable polyploids to be more competitive and potentially more invasive in new environments (Pandit et al. 2011 (Pandit et al. , 2014 . Another aspect of chromosomal evolution in the genus Primula, is the role of dysploid chromosomal variation which might have played an important role towards its polybasic chromosome number (x=8, 9, 10, 11, 12, 13) (Darlington and Wylie 1955, Kress 1963) . Review of earlier chromosomal information reveals that majority of the species are based on x=11 (79 species), followed by x=9 (37 species) and x=12 (14 species). Rest of the species are based on x=8, x=10, x=13. Intraspecific euploid cytotypes are also more frequently based on x=11 (8 species). As such, it appears that x=11 seems to be the probable and favorable base number for the genus and other basic numbers might have been originated through ascending and/or descending dysploidy.
